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OBJECTIVE

Navy clectronic systenms arc becoming more complex, more costly, and more diffi-
cult to maintain. (ommand control and conmmunication systems require large amounts of
data and program storage. Advances are being made in solid-state memory technologies
which will benefit the Navy systems, lie objective of this effort was to investigate the
use of charge-coupled devices for computer memory systems and also to develop a controller
which will be useful for charge-coupled device and other memory technologies.

RESULTS

A modutar, media-independent memory system was designed and prototype hard-
ware was fabricated and tested. A ('CD module, for use in the memory system, was de-
signed and a partially populated module was tested. Over 1200 hours of continuous opera-
tion indicated a CCD error rate of about I X 10- 11 per bit. The system error rate was even
lower.

RECOMMENDATIONS

I. Continue to test and to incorporate new solid-state devices such as CCDs,
magnetic-bubble devices (MBDs), and metal nitride-oxide semiconductors (MNOS) into
memory systems.

2. (ontinue the development of data-base management and information-retrieval
techniques for memory systems.

3. Utilize advanced solid-state memory equipment to enhance the effectiveness of
the Navy C3 systems.

ADMINISTRATIVE INFORMATION

This work was performed for the Naval Sea Systems Command (03416) under Pro-
gram Element 6272IN, Project F21241, and Task Area SF21241401 (NELC N712) by mem-
bers of the Communications Processing Division. This report covers work from July 1975
to July 1976 and was approved for publication on 30 July 1976.

The author expresses his appreciation to the following Code 3200 engineers for their
many helpful comments and suggestions: Tom Keenan, Project Manager; Bob Ebert, (;ary
Iluckell, and Mike Hallman on MIMC and ('CD module system design; Russ Keefer for hard-
ware logic design and fabrication details; and Henry Gok for the programming of the MIMC
monitor and the CCD test program.
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SECTION I. INTRODUCTION

)isks and drurns are pr'Snc I Iv sed tir L . oldar ,i' ( r a mass, storage in coli pu ter 'A"-
tIn s. I heir nicl : chancal a n t uei , l d, i pr I)lcm -- ill access tinle, nlmlAinteilance. and reIiaIii-
tv. In a cormmerciail cmilironifncnit. ihi' .ost tr hit is still competitive with semicondunior
random-access tilemorics ,. .N I u lil int r mre harsh miitar., eivironnien t briigs tihe c.),t uip
to approximately 0.25 cents per hit for about 15 million bits of drum storage 6.25--mns ac-
cess). 'file cost for an individual system will var-y depen ding upon the support circ nitr SLch
as thle controller, power supplies, aind c:abinet.

Recent advances in semiconductor technology have brought the charge-coupled
device (((')) to the point of competition with moderate capacity (a few million bits) drums
and fixed-head disks (Fill)). This report covers the development of a modular memory
subsystem suitable for usL in the Navy ('3 systems having requirements for secondary stor-
age. Included in this subsystem is a microprocessor controller which is capable of being
programmed in order to modify its operational characteristics to suit a particular task.

Since there are under development several other technologies which will be used for
mass storage in the next five to ten years, the memory subsystem to be described has been
called the Media-Independent Memory Controller (MIMC). The hardware has been designed
and fabricated with the goal of using it to test prototype devices and architectural concepts
for charge-coupled devices, magnetic-bubble devices, metal nitride-oxide semiconductors,
and any other promising technologies, as time and funding will allow. Section 2 will de-
scribe the MIMC hardware, architecture, operation. and other characteristics.

Section 3 will describe the software-development aids, or monitor, which have been
written to allow a programmer to communicate with tile processor and to control peripher-
als. An NELC Technical Note covers the operations available in the MIM(" monitor and will
serve as an instruction manual for a programmer wishing to use the system.

Section 4 describes the philosophy, architecture, and operating characteristics of the
CCD module designed for use in this system. The primary goal in the development of this
module was to achieve very high reliability of data with maximum modularity and self'
maintenance capabilities.

Tile results obtained from the assembly and test of a partially populated module are
discussed in Section 5. The software and the various types of tests are described. Several
weeks of constant reading and writing of the 256 thousand bits resulted in less than ten
errors. All of these were corrected by the EDAC circuitry so that the system actually saw no
errors. Calculations show that there is an error rate of about 1.2 X 10"ll for the CCD system.

Section 6 of this report summarizes the work and makes recommendations for im-
provements and future work.

SECTION 2. THE MEDIA-INDEPENDENT MEMORY CONTROLLER tMIMC0

BACKGROUND

Several technologies are under development which promise a solid-state, low-cost
alternative to electromechanical data-storage equipment. Three of the most promising arc
charge-coupled devices ('CI)s), magnetic-bubble devices (MBI)s), and electron-beam devices

BI|BDs). lalh of these devices hats advantages and disadvantages. These will not be dis-
Lussed in this report since the literature already contains many articles on this subject.

Another development which is rapidly gaining momentum is the microprocessor.
This development also has many facets and there are dozens of microprocessors available.
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0I) part ,:1LIr interest. In II fiiiestigatioii. is tile bipolar micropro cssr sli:c e )C 1LS ofi Its

slictAi 11iid aIdaptaii\t vV s\ qstemls. I tic use of micropr0ceSSors1 enales h tilesiic toNf~II
iiipilt sigviiihikaiit Initelligence tit the equimenIIIt hie deSIgns and ',fill retainl flexibIlItyI d

L hiri ,1 1I 111Nbihit y it lin ' iiior changes lit haridware.
( MICuiici-Qtly .ad~lanC e beiiniade li the area of soitairc techiqujtes which i klll

im~pro~ce I)i petorn~iace dind capa)bilities of daia-hase svstiins. Thiese new software ap)-

iio~lilcs. coniied % dit mole intlljigent hlardW,1re Mid lligh-se: A. noni-m1chIIanlIcal Istorage
i~ cs. \kill .1ppicciahlN eiliamice rehiabilit) anid perfornmance oh iiitar\ s~stcims..

*11c Media Indepeindeint Ncleorv ( omitiolt (MIIC) is all attempt to cilhiiie thisc

diverse developments into it single unit to he used to develop and test concepts and hard-
ware. \I IM( i, ainmed at providiiig mIIultiple-med2.1ia Ielctronic or magnetic) lhandliing capabal-
It\ .advaiiced datu-base mlanadgement tclmnitjue%, and a useful degree of' locali/ed intelligence
for improved normal operating pert'ormlaice. as well ats a sigifiicanit sell-iiamtntiaiice and
(liagnost me capabilitN for fault locationl anld repair.

F0 Id tile cost-etecti%-e applii..tion of these ne-W deve Iopnmenlts. til, equipmentII
doplted the Use of' standard hardware I'ron time be i Liming. I lie Super 2A card, developed as,

part of' the Navy Standard Hardware Program (Sill)I~). has been used lin the pro tot y pe har-]
\kare. Seve ralI cards whichi are Il inse lin anot her dc~ elopmcnmt, the Submarimne Satellite hI br-
illa tion Ilchange System (55 IXS I. are used lin NiMC to simiphlv- logistics and trainiing prob-
lems. The various cards will he described inI later sectioins of this report.

MNIC ARCHITECTURE

MIMC has a bus-struLctured architectutre. Figure I shows at simple block diagram of-

thle systemi. The bus definition is basically the samne as the bus used inl SSIXS 8OX--ased

hardware. The control, power, address, and data lines are thle same with 32 bidirectional
data lines rather than eight. Details of' the operation oh the bits can be obtained t'rom a
description of' the SSIXS hardware. The basic input-output (1/O), random-access memnor\
(RAM), and read-only memory (ROM) boards are the samne cards used inI the SSIXS

PROCESSOR/ NTDS i/o BASIC i/0*
CONTROL ( AD)( AD
(6 CARDS) i AD)( AD

SYSTEM BUS

MASS

RAM-1 ROMV1 MEMORY
(4 CARDS) (4 CARDS) MODULES

(CCD/MBD)

'SSiXS MODULES __________ __________ __________

Figure I. MIMC 30rCLmici'rC.
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hardware. The processoricon Irol module consists of *six cards which arc tl iq tie to !h is
system. Two of these six are identical ( RALIU cards, upper and lower). These two cards
each contali four. four-hil slice microprocessors: tilt' Monolithic Memories 57 670 I. plus
look-ahcad carr generators, and heavy-duty bus drivers and receivers. Three cards, control
1. 2. and 3. collaii lilet gtneral systie-timing circlits, the btis-control circuitr,, , address
latches, and m icrocode R()Ms. which interpret instructions and generate contro! signals tor
the microprocessor cards,. Interrupt circuitry is also contained on these cards. See table I
for a list of tile modules used iil a minimal system.

Fhe debug card is used to display data on tile 32-bit bus ill hexadecimal format.
There are also switches which allow manual entering of data or instructions for trouble-
shooting and initializing the system.

The operation of the processor/control section will be explained. Basically, it is a
32-bit, microprogrammed processor with 16 working registers, a 'Q' register, and an arith-
mnetic logic unit (the 6701, four-bit slice), a separate status register, memory-address register.
vectored interrupts, bit-testing capability, and the timing circuitry to control the bidirec-
tional data bus.

TABLE I. MIMC MINIMUM SYSTEM.

Number of Cards Card Type Description

2 RALU - Microprocessor 4-6701, four-bit slices

I Control I Instruction decode

I Control 2 Address latches, drivers, status register. bit
testing

I Control 3 Clock, timing, bus control, interrupt
circuitry

I Debug Panel control, hexadecimal display and
drivers, bus interface

I NTDS input 16-bit NTDS, line timing-bus, inter-
face, etc

I NTDS output 16-bit NTDS, line timing-bus, inter-
face, etc

I Basic I/O SSIXS module

4 RAM SSIXS module, 2k or 8k bytes each card

4 ROM SSIXS module, 2k or 8k bytes each card

OPERATION

Tile heart of the MIM(C is contained in the processor/control section. A block dia-
grain of this section is shown in figure 2. A more detailed diagram of the 6701 four-bit slice
is shown in figure 3. A brief description of the operation will be given below. For more
details, the reader is referred to the logic schematics. microcoding lists and timing charts.

Instructions to be executed are stored in either RAM or ROM modules. An instruc-
tion is fetched by putting the contents of the program counter (register F) on the bus and
loading the memory-address register. The first state of each instruction (state zero) reads
the instruction off the data bus, loads the operation code (bits 24 to 3 1 ) into the microcode

7
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JI (I It' N, itL I t l 11 Iadls 111ts 1( 1~ 3 1111 1 hily 1 C ~~-cc to .l1lll~ kn I tt I) ii, C '

It I I i v w cIvj Ih m i I I k. ki . IIi I I( I I LnL Is I c I iy, ( Ii k, . 1k, i Ci vi iiJ1 iv] i l v~ 1 i

I~t ils lic II lua I h c i tcit add lres [ till I c t M s al t hy i ' Il~ti~ii-vtI c\ y I

'vlv i tli ui c\~ i dc ut N .u instruct g il)(it I Ia - c re ise wit tI Iuiti tI k. I Lthu Io C)IL I(IkI

ti l i ll t k-pe i iroun The tis I lirlc\fI 11c )1 utluM LV l 1e 11 Ltat keu -hi h I uiiy kc II M

11 ~ iit'd i II C t Ill 11,10tk. .CICotitC '50 0 11Ise Ol

11Ilk t 11he Iitstructmoi jUSt dIiscusseNd. t he registers Ili%ed woulul hc h' td hx C[C I l 11

retiityt-sIcctilt iple\ker show it Ili tigurc 2.
I licic irc iustriictimuis xxitich test it a certain bit (it Ili-st- register (ir- a working

Ivilstct Is sct. Flhe hit 0- 15 canl be h%-cedb thc B hecld (i1 tile iitstrvuction (bhits -"() tol 23 1

HI ' dalta muIltIIilXer selCtsC1 thle Sp)CCIl"IM hit flOl ro le the I ksWhile tile slttus TVeg1Istr ma1lt1

hihxerctriut\ ,llitws thec statuis register to hec clueckeul. Ilic Bit I.itch t IB- sIc thec
t-our-hit hexadecimall codeI to Select tile hit p)osition Of interesvst

O)ther elcitts ot' the control circuitry arc the mtaint timlinlg, whihII n1chuLIdc acix stai

Oscillator, an~d time intcrrupIIt Circuitry. whticht tailltates thc %cctorcd in~tCrruLIt Opecratiotn.

iNPUr FOUTPUT
Itpu ott I put Operationis are pertornied ex actly as thec\ arc ili th ltc551XS 8S00\

tem. 1:( 0 ports are addressed Onl tile inormal address lilies and tilec control lintes inudicate ani
1 0 Operat ion. Fle 551 XS I/0-1 card is uIsCd to :ommI I it over RS-2 32 or 188X-C in ter-
laices. [herc arc Othcr cards designed for tilc 551 XS sy'steihi which can also lic used Ii MNI 
sutch a s, 1 '0 -2 whnth is an AN,,lAY NK-20O serial 1, 0. and P0( -3 which is a IR [MIX papcr-lapc
readler anrd i uIFch.

To NI IDS cards have hCLu n ulSigned tor MINMC to intterface the buIs With a 10-hit1.
N I DS, slowA, or fist channel. Ontt cartd is reqluired t(or Input and oneC I"r output. File hanid-
shaking, required ('or the N NbS intert'ice is (lone Onl the card. 'ilec card can be set upl to act
JS at peripheral or as a comlpuiter onl both inpu)Lt anld outptiLt. The cards can also be connect ed
Iit parallel to vield at 32-bit Nl1)S initerl'ace. Thie cards have thle "subdhaTInel'' addreCSsituz,
sct.-icne that is., each channel tills 16 addresses ( fit instance, addresscs 40 to 4 !').lrsetli
()ill\ the lower eight addresses are used the uipper eight are I(or expanided hinctuitns and are
iii it et assignled. t able 2 shows thle tunctiouts selected w ith the eight addresses.

TABLI 2. MIM( NTI)S FUJNCTIONS.

Output Etluict iii U.Cote

Out(putlai

Send Status, Wy,irt

lear Inteit ipt Reqiuesi

10(



)urI AM+ 2. urrucr nrr (

I. 4
Not Usedj

lhrrable Bullet Read% InCtRrupt 0

i sable Butter Reads [wIn nr pt 7

Ilpl I F UiCtin Coude

Input NTt)S tData 0
Input NlT)S (imuidI

Send Staltis

(tearT interrupi Reuest 3

[-lnable Dt~aa Interrupt 4

Dirsable D)ata Interrupt 5

Enable Comminand Inrteitupi

Oirsable ('011ninnand Interrupt 7

INTERRUPTS
MIM( presently has 16 interrupt channels. They are prioritized with channel 0

having the highest priority. Interrupts are vectored. That is. each interrupt channel f'orces a

iL1111 to a certain iiemory address. At that add ress are instructions which resp~ond to the
Interrupt received. The appropriate response is determined by the programmer.

All interrupts can be enabled or disabled by software instructions. Individual Chran-
nlc can only be enabled or disabled by selecting each channel under sol'tware control.

Ani interrupt c~an occur at thle start of each new instruction if' interrupts are not
disabled, WithI tire use o4'ftlie app rpriate instruct ions. thle program counterF Will au tonIIlt

Allv bie stored arid reloaded for normal operation.

SECTION 3. PROGRAMMING THE MIMC

THE INSTRucTION SET

III this prototx pke lrJI'dsdL' 1re. jrl hisi, set tt 07 iriStrICUctron hill been implement1-
ed. Thie adopted fornmal Arid del t ois mre desc.ribed in Appendi\ A. A list of the instruc-
tnions along witl) a biiet- desk ription is given in Appeirndix B. Ihei torrnat has been kept
siiii1ple arid reCljtisel\ sljrJuglutIMtuu rd . 1I1 urSI, lasses of irstruio~ns (loads, stores, logical,
artitrnretrhill riefuiiips. id I)rtIIIeAICN hJi' hCI been iItIpenIeI1tvd Special Iinstruti olls

L Irreerned Wilit niterrupts. sI tek i upciritnurim\ I If ) ind othrtllictI[ 1Corus have also beent irtetid-

edl, Withl) lie X-ltit urpuraMimni k. Ide. We has\L 11t1n p0ossrbilit of -3)0 srctos .SIIne thie
'right" instrict units depend Upnl)(i te aptplrcatnr (arid opinlion I we have lef't plent% of room

bor ilicreASIrug the inrirutuni slet.



IIII NIONIrOR

iila tciiiii~InI miter to) delop,11)IN te program i ad to cxcrcie thli arilx%arc. .i iiliii

J1"ill1 k\j I klk-\tI-)I)el 'itld \ intti irto Pt ROM m) that it I,, alxvd~s residentm. till this lm-
t~)i ~ L'iIil. tliet jlliiii ibe dlexelped anid cmiIllitilliiicat ioil will] (Imlier hiailwiie I,

Iliki pii,'iit shIll imis milt\ 20t48 x\mid'. (d PROM (address 0000 throughl 0-1 1 ,,
ilii '0t4S \Xiimt )I R-\\I (Addressest" OS00 111m 1-W I I. Ill a Iargcr ystnl tile NtoimLe.ii

stia k- tmr ii midresss (I Iu Ih i ke, could bc chanimged to itIt Ili/c thc Iargo ct iieiir\
I hIlk imiitur \,ms \%itteni . it il secral objectives Ill inid: to I(includec all pImsIhic

IflItillks thul JIre Ic'Isilk too IIillCIUiCTit Midi Which arc usclil to) thc user: to einable the uiser
I'Il'kc usc (if tie slii ii rcs used h. tile mminiltm: and 1(i have sottwarc break poin I

()I tile riotllecs ill tilc monilitmor were taken and imodified fromi thle XtOtX( mnd
11112- I1lN iluitIs ie prLcscit iiies, call hnandle two) peripherals inl addition to) thiccnsl

ftImd-a illhe terilinal. tile R1I LX papIcr-ta1c punITchI leader and a line printer. A ro-011
lietonhle1 (lie PR0-LO( iPROM prograincr has bcen developed and can he loaded and

executedI l10011 RAM. I-turic rouitiincs to bie imlplemelnted whenr time pcrmts n1cILudc a
card-reaklcr and handler, and a disk handler.

- ~M ost subrionutines used by t 1w monitor arc %k~riti cii in such a way, as to allow users to
ina ke good use ot thecm. Ini othcer words. most of' the moni11tor SUbron tinles prcservc all registers
C\ cept the status, accum~ulator -'Q-' and tlic registcrs uised during inpu)Lt. Also, most of the
SnihroUtincs are I 0) related. Thcec ISubroutincs allow tile User to program thc 1/0 structure
h\ elimimating thle details onle encouniters whein programminig inpuLt-output.

A ,(t't w arc break point. alt houghi niot as, cecaiil uim ~cntahlc as a hiardware break-
iiiit. is a \cr\ powerful tool for debugging and c~heck 111! out softtware. Th'its is a mechanism

ri able tle uiscr to "break"' from a certain location Iii hlis program and to allow him acccss
to the current registers at that "bhreakpoint" of the program. The user is allowed to change

hie coiltert of the registers (if' he wishes) anid to conitinue his program right where lic lcft it
at thle break point beiat ion I. This givcs tilie user thlu opporto ii C to debug or checkout Ii is

prngramnl h steppi ng tlhrough it and observinrg the registecrs.
-1 lie imon it or mlakes good usc of' tile cathbode-ray t ubc terminal. A backspacc kcy

A1is al)oed inl soice ronCilites to allow tilc user to rely pie th Lilst cha~r.,.oer. Ini I1)11

M( )lDl-, a user is, allowed to cdit the data oin the terminal screen using the keybhoard and(
cursoir coniitrol ii a ilmnconvcrsioii mode with thle M IM(. When the user has comipleted
edit iig oni tlie terminal sceecn. lie canl then send every-ting onl C Ie screen inl one block to the
lITI(IMM u Ill tilie M IMC.

Additional functions or routiiles may be leilllnirii added to thre NIIM( mtonlitor
withInutn having toi be stored inl PROM. '11iese routinies cali be loaded inlto RAM and a flag
ca bi e set at thle locaition inl RAM to designate the pmiit where the comiparisonl test of tile
inlplt character versus tunlctionl cha.racter is 1to be CoirtinlUcd. A background program cail be
rliiing Inl tile MIM( at thle samei timie a user is exercising M IMC. [or examle. a program
toi test ((I) moerluries may, be running mu thle MIM( at thle sam~e tulle at user is, debugging his
piro gramil.

Duiriiig thre periodl whien M IM( is WailIrlg1 I'r[ inputII troi1 te keyboardI, it ex'cutes
)IIw tas0 itle test of tile ('(' memo\. Afer this pass, it polls thle keybo(ard for an111\

ilit and. it there arc ille. executes another0 paIss Of thle test. If air 11rlput is rceiVed troml

he k\ board it will nlot be processed.
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thlt u'.t' t\ pt , oIl the kk, t'\ i d,lii nill tril iillp Is, lzt'nc!lltLi will, il instriI lljs til 1\1( to(

'tkitlouti N its 1 wtil t ust .)injIti\ p)(ll file k',\ boaldrti ) I nput.

Ilt Ilk I toIIr llt1ii/t'N t((k) NtJlcks I 'lIt' INI" 11C tkc ~ lo Jiu itu lId till' (tlit is fot il Ihk tusr

pr'rirri I he' iii('iiit)1 srak Is ilis~l\ s It'sot 1 1) Its h'(glilriirg titil t11IIIlk- Mi, P.M%( , )zoct

R)V I lit' Iproeri m NtIck IN rt'Net to ItIN ht'gI:Illill L'.111 tilnIL' Il l' ? t\~c I t's m

'(I AR S( *RI I NI' " ) " I \1 ( J I I-S-'a pro .rmn

I )I S( RIP 1)ItI ( \ 1 )\ H I FOR I1'N(IC IO )S

Inl thelt' lil(\~inl 111agraplis. brit't ticscriptiolns ofile hi' uiction~s liai.ihale inl filt mioni-

ltirAt' 11iiClt'I lit' formal illh thedI'(-1iniistructitlns is shiown inl Ccitl letter,,, uudcrlineJ.
11-1 itill heI INac Jkr ii'LI.Irtd. Ilt'C operation is t'\ecilted.

\1 11 thI p P u n cmorn r o~nttents starting froin a specifie.d add ress XXX X enl-
tt'rtd b\ lilte user.

I)\\\ dumps. 1 4 NIcrt'ei (6 lit's,) 24 locations

\\N i NNXI ivcar sc reer & (I uill p) 1 2 screen ( 12 tite,,) 48 Ickations

IN\ \\\I ta'.r scrteen & du mp f ull screenl (24 lit'e,) 96 ((tat ions

I. I v A1< \A ilO Stllt'r to) tiitr pfrlgy~iml or data word,, 111(0 C~I_'oICLltivt
int-il' '15 c, Is t art ing f romn A specLified address XXX X

I \N\( \. \.\\\ \XXX XXXX etc c lea r No rteer I Irst.,

tilt' eitntter btgin

I \\\ N XX\ \ .\x XXX XXXX etc: saint'l as, abovt'
line \& 0 cltearing
SCreenl.

3. I N SI I C I & I I AN( I .il lows user to Insptect and ellat ASpt'ciiic ili'hlor\

,ell it desired.

I1 XXXX XXXX XXXX currentl colntetls.
XXXX XXXX IX)NL I ILW tiI.i1 Tt'I N.

4. I X I(T 'I Itloads registters with contents from RAM (OFFO-OFFF) and jump
to spcified aiddress.

x xxxx

Y.PtNt II PAP!' R TAPI punchles a pape'r tape (11 a specified men1or\ art'a withI
cllet'ksum1 leader, and tail.

P) XXXX FliRt XXXX IX)NI

0. R I Al1) PAPI. R I API i-cads tilt' contents of a papt' i tle In1to a nlleiiiior% areai

Spt'CAIlit'd oil lapt'. C'hecks chetcksuml oil tape aind prints
Jiicksin error meltssaige it (neit'Ws mladt'.

R' xxxx HiRI XXXX IX)NI'
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(111 CK KI .AI) 1'.\I'IR 1 .AN MI, IIrC,, thW k.o lCnll, of ,A I). tpe ,c1,u
Oilt. ,,ILA tk-lIIn ()I AIll ,IIt'dI IllII I'.I IIH dild I)I IIltS

(111 11\ ill , d CII L"c , ( III lk', 11" I S HI MIt I lC

Also Lodlr'c. id ht'ck\, lIL ci. kNImlli the"
I.la .t lctl ui i (nt I ,lickkI., Il ' il It lit Was
Illaldc.

( \\ X\ I IR' \\X\ (10011) IAPI

. I OI t\ I INI IRINI R I ,,l', I(tnii) JIIn artei of ItLn|f\ to ilic hinc printcr
ImI a iiartlcopy Ilstin1g.

L X\X\ IItRU XXXX I)ONI:

0. SI ()RI ( (,)NS*IANI store,, i 32-bit 'onstalnt ilt) ,p'cilitd arta of nIinory.

S XXXX FliRt XXXX W-XXXX XXXX ID)NE

1I. I INI) (SI'ARCIt se;archt's a s',l ilic arta in llt'llor. ftor conslant

MASKII). and prinIts out all locations whfic. found.

I: XXXX TIIRU XXXX W-XXXX XXXX M-XXXX XXXX

I I. )VI - I t.o'es one block of llJlor fronm Ont' location to another.

\M XXXX IIIRt XXXX N!FW I(X XXXX DONI

I2. IBR I.KP( )I NT BRI AKPOINI ROLiINI same as t',t'cttt tOltin.'. hut

dumplsll rtgisters ald stack and
gots to 'RDY ' if tie progran
reaches the breakpoirit address.

B XXXX '10 XXXX

B R

XXXX T() XXXX (Breakpoint restimet)
B =

XXXX M-XXXX XXXX I-XXXX XXXX I)ON

(ah,\t' line: B =. allows Ust'r to restore thew original content of

ti' hreakpfoint address in tile case where the progr i(n toe', not
rcch tlite hrteakpoint address.)

13. "Clta Screen' clear% screen and clears register and flag area in RAM. Ki-SI-1I
STACK POINTI- RS, GOTO RDY

14. "'INT" ;O 10 SP, RI)Y rtsets program stack pointer. Set', CR1I 1 Ilag to
CRT, GO) TO RI)Y

15. V RIIj1Y Prints out tiw ('III[('KSIIM of a specilied arta o Mt'Mnorv.

OTHER FEATURES

F[Al. I Rot)I [INI-

Any time a 00 instrltiol is fletched, tlit' Program Counttr will be lorced to location
0000 mid this fault routilte will he exccuted. Ihis routint' rints out (oilt' terminal) tilt'
Iiatiiin of the taill, tile Lollents of the fault location, a dump of the curretl registtr at the

itc ()f tlit talzlt, aid a Slnapshot dulmp of tlie mm'norty alrca where the lf lult occurred. At
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the end of tills snal0h ot duunp, the Program (ontrol will be at the end of the DUMP MO)I
so the user inlaN illllediatelx Inspect the area where the fauilt occurred and then use the
Illonitor fn11ction to change (ti prograrn.

AI)I)ITIONAL [X. rUlIV[ ROUTIN[S

The user is enabhled to insert additional executive routines in RAM other than those
just discussed. Io implement this feature, the user must place, in the lower halt o1 the
nemory location 0F-B. the address where the check for the additional executive routine
character is located. If the input character does not match any additional executive routine
function character. the Program Control should go to READY.

BACKGROUND ROUTINE

A hackground program. a program that runs when the MIMC is in a state to receive
input from the keyboard. may be executed by placing, in the upper half of memory location
OIEB, tile beginning address of the background program. The background program must be
perfect in the sense that, before it returns to the keyboard poll routine, all registers except,
R I, Q. and SR, must he restored to their original values. The stack and stack pointer must
also be the same. Tile background program returns to location 008k to poll the keyboard
for input.

When a background program becomes fully debugged, it may be placed in PROM.
The starting address of this background program may also be placed in PROM (lower half of
location 0579). This enables the background program always to be in memory and running
without having to load it or its starting address into RAM each time the MIMC is powered
up.

A routine by which more than one background routine may he running consecutive-
ly. one after another (if no input from the keyboard is received), has been developed and
tested. This routine, along with additional background programs, could be added to PROM
quite easily. Memory location OFEB is used as a switch to go from one background program
to another.

The beginning background routine address in RAM (location OFEB) overrides any
beginning background routine address stored in PROM. The beginning background routine
address in PROM is seen by tile monitor only when the upper half of memory loc;ition
OFFB is 0000. If the upper half of memory location OFEB is not zero, the molitor will
jump to the location specified by the upper half of location OFEB, thinking a background
program exists in that location,

If tile uipper half of location OFEB and the lower hialt" of the location where tlhe
beginning background program address is stored in PROM are both zero, no background
program will be executed. The monitor will remain in a loop. polling for input from the
keyboard.

15



(;dN'[1R %L CHARATER XIISTI( IS

IIIii t-e design of It IIek ( ( I ) I Iotie I aI III\ I tii ,oiIc L iiIkIiIiI tiI II Ni II IV I

( I) II k. ( ) I II I. pr I lkr', In It t of an"I %d litit' I CCo Ie eIIIroIII \I CoInsJh\ e i d.\ th I

11\ '.ini Cool d %.rIsJi \ AssutIran ILco It iarIdw IaIe rc IaI I) II t \ "III lscst hel obta'lied h\ -1 III If., I I
( IsL\i t I I ii\ C( d s ign.I s inIIg I o )% powerCl and a III Ini111i(111)i 1 ifie r of wIiio ponci t'.. lit iii id ipie

I ci.!liar fiiIif Ii en iaiice au aI (ituuii ttac as wel 1as oipera tor) drincii ). atid I it i -1)( )I rIfI tig ii to III iI I,
I ro ifI)ctcc't I(In intl (orj cction)i ( I -I)A( ' I.

Mt )(IL ,r1It\ Is anIII ipmnt Ialt cI onsidcratIioni. Mt )diiliritI\ illu'ss It lie ii(i' i c
tcaled III S/ si o I1 thatl it is lsefuld to manui\ ,5\nstiii' It % 'ar\ Ingi) sto rage reqitt cits. I lit,
(I) modu(le ICIS addrsd tNC( istIig a I 2-h it Selectioin code wI chI provid(Ies more t kint I I t Icrent

C\paiidaihiliX,
The current emphiasis onl Iizrd\&are: standardizatioin enICOuragCS thle List' of t ie \

Standard Hardware Program (Sill') 40-pin connector and modular card-sizc ilictrints. I lic
((I modleI uses thle Samet Super -'A cards as does thle M IMC described lint (lie prev-%ious

setio. lIre use (of thIiis card iumposed sonmc restrict ions and Caused somec prohlemns ast'
wo1uild any staiidard I. but usefl hardware was designed.

Thel( overall function of the CCI) module Is, to stoire diata in af small voluine At a cost
WhII ich iscoin pet it iVe With at drumi or- at fixed-head disk VIiDi while providing tliv toI tenl
itte-, laster access to a block of data than is possible with at drum or disk. Wiltli the M IM(
or similar controller, tlie access time to af 256-word block of dataf is bet ween 000 anrd 700
muicroseconds. Tile voLuiiIre Occupied by thle module is 270 Cubic inches (4425 cm -3 . Ili
prVoduLction. a I 6-iiillion hit mnemory, ( four mnodules) Should cost about 35 t housand dollars
or two tenths of a cent per bit. This cost includes the controller, power Supplies. anl N I)S
Interface. FDAC, and a cabinet suited to the military environment.

'ThL (Cl) memlory module consists (If' 24 Super 2A cards. Twenty-two of' these, the
(CI) memilory cards, are idenitical. *[he remaining two cards are the Memory Segmnent ('on-
rol ( MSC) card anid tilie D ata Frror Def' ec tion and C orrection (DLIX') card. The miiod ule

stores 262 144 words (If data. Each word comprises 16 data bits and six EI)AC bits.
ei IU 1)A bits allow thle module circu itry to detect and correct anyv one-hit error in tile

'2bit word, to detect but riot correct aiiy two-bit error in any wo~rd, and t,) d et ect M an
errors ii whlich anl odd nluiiber of' bits are in error (A modiflied II anming codL of kista iuce
tour is used. )

A RAM buffer hats been Incorporated Into tile mlodule SO that, on1ce thle desired
block has, been written fromt ((1 inifo thfe buffer. Any word of1 thle block canl be accessed.
The use: of flue RAM buffler lso) guarantees fthat thle access tfime to a block Of data (250
words), is always the samec about 65t) iacoseconds. I'his Is true bcauise it is not important
where thle first word of' the block is located relafi~c to theL oiifptit of tile 256-hit ((ICi[S-
ter. Whatever word is iaailahlv for readout I, is . i tentio its appropriate location1 Ill RAM
1111inmeiatek~ afterL' the rculnicst for that block is recei~cd h\11 thic odUle. I at1 hi%~ord us theni
read Out if) sequce1C tin frI all1 Of thet 250 A ords haX c eci1 icad ouit of Iut. ( CD) anid \%riltt en
into RAM. Hits fakes about 040 llJ~ iuicroetOiids. I his' fa 1. 'A iu III 11~e nCCIo lh doas to)

when flue data will be available, simiplifies s~ sfeiiu timin1g.
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Itc .iite.' irv.' oh the ((1) niodule wa', influenced b. seve~ral teictr. One of the
llt i llt Ii tail (i I hc,se \, is the desire 1t(l kep the ((I') 'Module &s in1dpLCendeCnt JS possible

o1 lihe -. nt lltolc It \% as de'sird t hat 111,1nllitiii in contro l he required. Refreshing of data~i in

I he ('( sl, pi ilkccd, ildcpeidcn I It of t lie co troller. Also. word-b.-wi rd transler (f dat a

from ((I) iienioik does not require controll.r action. A RAM bufter is, used lor teinporiry

block storagC and alloW a1 definite access time (tle litle required to transfer a block ot "56
,or ') I he R -\\I ront the ('(). The I )AC lunction was placed inside the module so

that e.rrors n (I(lI) ild be detected and corrected he fore the rest of the system Could he
affected. Aiso, it \,is deterntied that the speed required to pertbrin a word-by-word check
cold best be achCNced h hardware.

A major p)int in the architecture of the module is the use of- the bit-slice approach.
[ach of the ('('I) memory cards contains one bit of all tihe I 024 blocks (202 144 words) in

tle module. VHIis hit-slice approach allows flexibility in the design off the system. For ex-
ample. for the ultimate in reliability, a word length of 22 bits is used (22 cards) which pro-
vidcs anutomatic error correction for single-bit errors., If this l'eature is found to be too ex-
piensive, live ot the code its can be eliminated retaining only the parity bit which would
glve an indication that an odd number of bits had changed. Checksums computed by the
controller could be used as a further check on data integrity. Eliminating the error-
correction teature would reduce memory systen costs bv about 20 percent. Further, the
system could also be used without parity, requiring only lb cards. In this case. the control-
ler would he relied upon to detect errors. If error rates are found to be sufficiently how, this

approach may be satisfactory to many systems.
Other factors considered in the definition of the module included physical limita-

tions (thermal. mechanical, electronic), availability of CCD components, pin limitations on
connectors, the Super 2A cards, modularity of the system, reliability, and other subtle
tactors derived from the systems experience of several engineers.

The simplest view of the C('D module architecture is shown in figure 4. The system
data bus carries 16 hits of data into the )EDC card. The systen address bus and control
lines feed signals into the Memory Segment (ontrol (MSC) card. These two cards drive the

CC ) memory bus. Each CC) card is one bit of the 22-bit word.
The MSC card. shown in figure 5. has several sections. The ('CI) module main con-

trol section interfaces with the system address and control lines to determine whether that
particular module is being selected. Decoding of unction codes and sequencing for block
transfers are also controlled in this section. The RAM buffr control section intcrface_, the
system bus, or the CCI) memory. to the 256-by-16 bit memory on the DIDC card. The
CCI) memory clock and control section generates the signals for block transfers to and from
the CCI) cards.

lhe ('C) memory-refresh clock section mUst be active at all times in order that data
may be maintained. This section is independent ol the othei sections in that power can be
removed from the latter and thi s section will co'itinic to function, supplying refresh clocks
to the ('(') cards. [his s'ction comtains a word counter which iaintains the phase of the

((') register, determining which of the 250 words is available at a given time.
'he I)!IX' card, figure 6. contains tile RAM buffter, buffer-addressing circuitry,

status registers and i-I)A(' circuitra, and hits drivers and receivers. I)att are transmitted to
or from the ystcm t hrough tri-state transceivers. Incoming data are written into RAM or
used as RAM or block addresses. RAM addresses are routed fron the systeni bus, on to the
RAM bus, through the RAM address multiplexer. it) the RAM address counter/latch. Block
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DATA-
AA SYSTEM

ADDRESS -j BUS

CON TROL

DEDC ,,_ SC

CARD CARD

DATA CCD

MEMORY
CONTROL J TBUS

CARD CARD

BIT 0 BIT 21

Figure 4. (CD module architecture.

SYSTEM
BUS

RAM DEDCADDRESS > CC. UFFER 0 C R

ODL CARD

CONTROLMCONTOL , MNO

CCCD

MEMORY CCD
- CLOCK 6- MEMORY

DEDC AND BUS

CONTROL EMCONTROL

WORD CCD MEMORY CCD
COUNT REFRESH MEMORY

CLOCKS BUS

-igure 5. Memory Segment Control (MSC) card block diagram.
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RAMAM)RS

WORD-

COUNTERMT COU8NT

l-igure 6. I~ata,'Iir~in J~vicd~nfl and (omcinDD) rdbckiaa.
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.I(I t 'tll N ..II C10 11Cd IMII Itt Il I Cti ill 'I iell 1 i'~ 1) 1 iNt1t( tlI IC R A1l 1hit,. iluIn Iig Ith IIc tI nLcll tr
[Itt I d1%ers. II! to II I c ( ( D I) o c t I OV tr Iic I 1. i A I I I d it )t I ic ItI 1 )o. k il ess rlgiicI S,

It'd 111it0 .1 ltJIrli\ *LL'HL'It IltII l Ullt Whlich gcncIriii' NAI\ IttII hIs. IIIVC " k.l OC)11 bits. It)-

V.111 %k [II Itict i I( hcn I I).\( i l is ciisscti. ul. M CLI 111 )t 11"AICt I

\\ 1II dld aMid IttlIC bits tIC rcad I roMmilii (IL( 'D cadsd. the 164 diii hits pass thitt~Itl
"\diii c ( )R , lvits. t imigli iri-statc bits driscr S. ttnitt thle RAM bitsl into lilicth buIlltct. I I
tiItI bits m)Il intltc anl crrtt l mie idn tlic data bits, thle parit gcncLr~tior thccLkcr tICIWIti k

IMS tIiii It!II Il' IIIC Cli10isW OR gate oill its witS to the RAM.
I Ilk.' I( I) muemIors1 c AMl block diagramis IShown Ill tigUre 7. Ibis caird IS Madeti r-ca-

I1I5115l stit in tt l r toi ( kic cctt (sts Irm risinrg. lI Is IS tice 11o0st p)Opitmu0LS board inl thec
s5 5I(ill Midl ,tm this reason. has a strong ImIl~ucncc on1 S scn SIIcost. There arc 16 CU deI)i-
% I, s I Itel- '4 1 hio ilic card, I[he inputs ()t all ol these devicc-s arc tiedi together as arc
tlii mtlpls \klhcii ilic buick alldressi 10 ( hits 1is% latchied Into tilec block -add resS latch. si.x

I ie IItii 11cs got tt) 1ll (Ith (ik (I)' aitti fou go tot)ilec decoder. InI this imanner. only onec

hitk is 51111tecd (hits /erm to 51 adl onl oine chip is selecled (hits 6 to 9).
Noit tihat lout chips run off ouci of tile tour muiltiplexers. This permits keeping tilec

tCIIi cm-i (d T th le c~ird low Sin1ce ou Iv one-quarter ofI tile chips onl any one card will bc

nhII imig At igh SpeCCLI du ring readinug o)r writing. Since thc ratio bet ween standby clock and
tr.1INIsCt iOA cttull bc three or lt'ir to one. this IuIltiplICXizg permits a Sigificant power
sainlg. Ii Is is a part lcularI% important factor iil this systn where a dynuam ic mecmory is
tiSCki jini NA Inch is, affected adversely by temnpertlure inl its data-relent ion t'i miCtiOti (as Well ats
reliabilito () ite deuice itself'). During a power outage, all Unnecessary circuits are turned
(t0 1 ti minimize drain onl batteries used tc maintain thle data.
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FUNCTION, (ODUS

hnls. Ifthe p-viirtll hidwm.Ic 1111c1" ,Is5\ hits of i ct,lull tlde to seILeCt MIL'Of 03 ModlesIL.
II 1i11C -1ii-,ero iAdICs shOUld Ilk It.NerCd I(1 01t C I III)ilt-outp t aidi-t-OWN.) I i r [)I[', Ofily

I *L~ire.511115IlIl5 StOI li li.C i ni loit.iltI,ill1i5. -1 ahi1 3 shows ftm %,irnuiliL0iu1lillds

11 ,ii hc byCI Ios 11n t ilei'du c.

Code V liictl ion

0 Write word Intol address A* 'it RAM buffer.

Read word Iton address A* tit RAM buiTfer.

Write block B* Into RAM hiiff'er from (Cl).

3Read hlock B* from RAM hul'ler Into (CD.

4 Linde tried.

S Undefined.

0 U.ndefined.

7 t ndefined.
$ Read status.

'1 Read error s~ md rome.

A Enabie Interrupt request.

B Disable Interrupt request.

C Undefined.

1) LDAC disable.
F: Undefined.

F Master clear memory segment.

Thle RAM address A or the block number B is placed on the system data bus during the UO instruction.

(01)1- 0 16 SINGLE-WORI) WRITE' INTO RAM BUFFER

Thec particular module is selected (hits 4 to 9)) and t he lu nct ion code otI 0(bits zero
to1 3) is specified by placing the appropriate value on the address lines. Tihe RAM buffehr
address (hits zero to 7) is placed on the systemn data bus and the write tiine is plsked. The
RAM address will be loaded into the RAM address latch withI the tftlliig edge of' the bits

inme signal. No bits wait is genera ted by the MSC. The data to he writ teni intlo the RAM
address are placed on the system dat a bus (bits zero) to 15) and t he write linte is pulsed. B Us
wa1il is active lon1g enou1.gh to comnplee th le wrilte cycle.

( '() I I II (I SIN( 41-WORD READ) FROM RAM BU FlITR

The particullar module.11 is selected I bitN 4 to 9~) and thle function code of I (bits /Cro
lo 3) tis specified by placing thle app)ropria te value onl the address lines. The RAM hullfer
aIddress (hits, zero to 7) is placed ontt le sy stein data bus and thle write line is pulsed. The
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RAM \ addresN I, loajded int uthIe R AM .idd reS Iat Ici w ithi the I i i de L, (I tie bus time

signial. \0 busN ss t IS VCneAIC( h\ t he MS( .I lie data are, reaud It ,,Itihe S\. Steum datu hus
t hlIN /eru It? I ) JS hI V po il te Iu~t lCA e of u~ Ia I I leBII k NIt I\ lonI g enough to) e~rII IJI ItCC \.IIud
di fIromn the RAM huffer.

() )I _'I( WR I- [ I3 ( WK Bi I N-I P AM BI I 111-R 1:ROM C( I)

1ue IC u'tIcu 1larI11 l ut le IS selIcId 11)1 s 4 1') an Ii ite Iu n Ctiout ' odeC oh I1 I ht S
/cro to . IN Spe ieid 1) placing 11w appropuate \,iltic onl the address linies. I liw block
imtinher B3 us placd on ile N \ stem data bus (hits, ,eru to 15) and the write line us, ptiked
If1)1 blok number is, loaded Into0 the litches oil (lie ('(1 cards hx the falling edge of thle bus
\A rite sugiul. \) turtlier actioil is, required 1h, the controuller. The MSC inimediatel\ rimses
the active line mid performns the necessary operations to complete tile tiansfer of thet r
oluested hiock, Into [lie RAM huffer. D~uring thei transfer, thle transfer line is high. 'I li
act i~v line goes lov, whte CCD('1 registers have been) res~ icli rotjied.

CO 1)[ F 1 READ) BLOCK B FROM RAM BIT FFR IN] 0 ((1)

-Thle particular module Is, selected (bits 4 to 9) and tilie funictioni code 01 3 6(hit',
/erto 3) is, spe'cihted b-, placing the appr upria e alue onl tile add ress lines. The block
number B Is, placed onl the s~ stem data bus ( bits /ero to 1 5) and thle write line is pulsed.
The hblock ii tim her is, loaded Into th laitchies onl the CDI cards by thle falling edge of' the bus
write Signal. No further action is retqured of the conutroller. The MSC immledtately raises

hie active I inc and pe rforni s thle nec.essar\ perat itns to coinplete tile tra nsfer of thle rLe-
qutested block Into Ihc ((1) During file transfer, thW tranIsfer tine is high. The active line
goes lom, whlen thle ('( I registers have been resy ncliron i/ed.

(01) 1 , (l6 thNI INI D)

(01 1 6 R 1-A 1) S'lAI US

Tlue particular module iNsCselcd bhits 4 to l aiid the uiiction code ot 81 t hits

feitu to 3) IS spCcOiCl \, Iplacig thec ipp iateaILue onl tile address linies. I lue Status hits,
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Oal ac hcInc'- 11 iivd"'rCiI hcctLcri lilt R~ \\I1 Iil airid ( )

\~dt :lit Iifi hciricIrar(CrId Mi they 1 I tgi"ICIN JIC hiiII4 lv\ 11-

I iII2(I\ IA'd nIdO ~iI i l~iadc, i llwi 1hy1Ik li k I

( oriy~~yI 3 At It"I"I ()Ilk, Crl )l \%.i' Madec~t li~il!t L hkI~ iicnad i

DIck yIcd 4 Al yIN!" olic Iold Il Jit tN (-lilt ciro imd irin thle liNt hhI, k

R5ad A ('(' I)toIli \ t Ic hai' bee iiplIct H.

((1) 1  R IA\I) I R R( ) A I)MRIFSS

I by Pal cIh U ittl 11 110 L I , NCIlycy ( hlIt N 4 1 o 1) ) a ti e tuit ii II? I t! c (It
mt to 3 ISN NPC CI II Ci M~ PkI..ii tI'Ilit it)[l[ OIiIM~t' X Ailit'01 ohei add iCNN lIInyN. I li' Iii-

aJtdrLN11" 11t /IOic to 5 ) Ivy 11dCd Ii the SNtClIII dataI htIN vlItII the ryid Nilll I" ,itl\y. No
buN I IN iI: II yc JriCNl ihc crv add rNN Wlildhe bc nlterllCt cd iN tIl1(1% Ii li\atyc i mIl

F RR)JR AD)IRI SS Off-X BAD) 1) \VA 1311FIN(ISI I IONIA M I

050

0"
07

Ot) 4

OH

0(

I II

14 14

1 lit' error adrySS'c 1.. 0 (4. OS. Jnd I0 reter ho cO)Iic bit' III 1 in1. (0d hiy buN aC
1101 Oiiyl butd LI ar'C rCCIlCuvIdd 'A iii data arc t. A(111fil l'b RAM b)ii IICI lit( th (c (I).
Iinul ad(-NN 0 iiinsii o Crii) ror I Fn)1i l"l "y 16' thiriiii,.!h 31 :i;% lvyii 1uIyaiiig III I uIN

.s ,tytui Olici than tMat their appeaIrance iay "Widate a possihic htardwary lijNir

(')D A p,' I NA\II I I\] I I TUP RIy OI S I

I hic paultillal muodiil ' ,I~ tycd tbitN 4 111, 91 and the tlunytionild oi A I bitN
/cr) t10 31 IN SIW.Ld A~ playng tHie appoInalc ahiy oii1 11 -ddrNN Imciy. No data aw
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1 1 11 NSA I I \ I I RIO I' I W I! I SI

('00I 1 11, NMASII-R (lIAR MIMORN SI (GNINI

the p'articular itlodiilC is selected ( bits 4 to')) and thle ILuitet iil cuudC I Ih'

to 3 is specitied 1w lig thle appropriate value ()it thle address liines 111aeb lle

l(ft, sosteinl data 1 11S. Whlti lie Write SIgnal is Jactive. file lloig(cu

IInterru'pts, are disabled"

F )AC Isenabled.

hec RAM address courIler/latch is cleared:

T1he, error add ress latch is cleared;

-Fhe error stat us (error Made, error corrected. errors detected) lahtch Is cleared,

*Fi block number registers onl the CCI) memory cards are cleared .and

Othter iniscellaneous flip-1lops are also cle ared to irlitjal i/c thle module.

UI) AC OPE RATIO0N

I n this b, 1rie I dc ript 1 in of t-Ihc ope ratIi on oft' th Ie 1 DAC c ircu it ry, no a t ter il t w ill be

iiilud to go tl((ieticr (i coig. Pit, reader is reterred to the mansj books 0) the
shieCt for turthIm int'orruation.

III siiui)le te-ritis Ii til, s', stern, even parit\ is, comnputed over various us Of tile
10 ( uita hits. I able 4 show,, thle relations. between tile code bits, thle data bits. arl(] memor) -

bill, hit position I /erl throulgh 21 I). Referring to the table, note that code bit 0 is, the bit
tkl, h1 lliikv-. Ow paru (it the. bits Ili that group even. This mneans, If* data bits 0, 1. 3. 4. 0,

I- 0.) I I I ;, ant I are' all outs.N I (dti hit 0 Imust be a zero in mtairntaini ven parity iii that
VIt'ij , Ilt"lit'r "I. II.. tenI o)i:es IN .m1 CVLeii niumber (it ones and, lor thiat group to maintain

ttip'lo its it '(1c bit i1111st I), a /e-ii. II onie ofl the data hits is a zero, leaviiig ruie onles.
tilt Oltu' hit to %d hius to he ai (tiet 1k obtaini esen parity os er thle group (0, DO0. 1) 1 . )3.

1)4 J)(, 1)r. 1)1(),. I . Of1 K, nd DI1 . . Sitirls .st~k li othe utr groups. I ,2. 3. ,iind 4. Hie
"k hit r' tllitut o tha11.t tilk. vroup wlii~i iiikhudos flte code bit ias .iiltcl mniuiiibctr it

)I k hit 11 k hlu.leet isuuiipied SO that1 paitxF' oer- flte eiiire 22 bits Is Odd!
.? tb 1iuinlwe od Ivs ,I o 111inst1kCt, It Al thet daita bits were /erIo. Code bits, CO. C I. (2

m *idu ( 4 'Aiuuld 410ulk' e /eots. ITo, ithiieve odd parit over tlite entire, word. ( 5 must be a
1.Ill this" LJV theic will be iii odd iiuriber otl ones, iatiNrl one. Iii the 22 bits.
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kit ;I Cik and I I t l. llekInc I)II IIt. : , , hit i' I l i i,ir i ti S r.IsI bi t.II I o I t i -tisi
11 1 lie t 1)t Iretl,11 111k (Iecc i I'llbit m, Iull agree t i pit1\ gtiiao e litt kIit iis 1tii
tot'\ t11k s, tt ~I'llp thatl bit !Non ed 'esl1 n in ak ~ t i, -a111Lcsp. i II [I t hc at I Ik a k -I~

adilt, 1 1d kI s i l I t e cirni rv which is Ic Srt %I lId IIIMI/ I Lie Icp . ) his A d pc rt

I n ll cthe lirs t ror. tceeiim 1) r dfilteir II I l o k )(f transferh isL in d d Ii i
Ctt1 I S 1 d Is ''IC1 111 1)i the ero ade .rg sIker. I IC arI t I he ,IA bit cr kl-re I in It lI k aster

thia \ " r se ilm et I nc ionpe tIide I- "Vr ()bIqen rc t () i ons gm w i be pe tr i u

tkIli sttil u lve acn dr wIcll ot c bang dOt Im eg tcc e. i arl g clea e bIM th Il-,asI tr ( rIr ItheP

ntll th t rterrc~LCJI)Ii c~kto l block transferI n c ld111Ik
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SI(CI ION 5. TESTINGr HL (CL) N1111MORY MODULE

tf..i~ l tunditig liflhltati(Hi', ()III\ I xIrtiall\ p la~teid mod ule was assc~illhh'.
tid ic1c I lie \ S( ind 1)1I)(' cards were assembilvd nd, as~ tlle\ Wotild he fl d hrill 11](41-

I lic ( ( 1)' aid %%a' , I, mdifiedl so thu~ data Were entereLd Inl parallel inti the 10 ((I)s. tw()
V I,,,)ll 11 hIts. (c4 1hhuck\ deep. Iti etct 1mI C~l-W.iCt It II (t Ja10( Coul \VN A~did)I e

ic hinodule, %as Imbedded iii the \1 IMC clIXI'SIN Hlie entire card cage I,, slrwn InI
in S IlkL \IS(.)1I(an rall() ad r hwiiitgr QD 1hiese cards are
io. hII v -k In'atv I. Supeikr 2A- 'N/e. welId-p( I cards. In i p rodt CI onlS s'temI. t IeNC Wo I lId I)

111MLI kArinted1C-circuit boardI. Other cards~ are shrown ill figumres 10, 1 1, and 12. Thmls
hi'3'i' . po\wcr \uple\ a pper-tape puncli/readet. and a cathode ray tube mnade upI the test

lIIgiIIC X. I li MIM( LIcaS'. card caigC.



Figure L) e MSC. DLIX. and (A D caids.

Igt 10. I'lCu NI D)S Iipul and outplil cards.



Vigule I I 11AC 2k.Iyte RANI and 2k-byte PROM cards

F ltilre 1 2 1 fit, hi inp up il .1) b HI I i paper -tape reader/pilrch cards.



IY1t.soI01 lrlisust

I at I\ hIr t'l-% i c i ti I, k Al n ((I I) .iccrtlned itsell with tite' chairge-t raIll Cr clticLCtI,\
.ittl Itk' hll-tI i 1,1lt. ,, itch tould he achict'td with t istlllg ttc-hnologv. larl devicc
% ihlt 1 t'trc ' ttd ,1 tn d 't'11t.l1s pattern ant tel pcrattiurt' it' .i ttIit'it-, l-iir tIiis re ott i it)

Iclli he dt' l pt l ; isnin\ a Itllts aS possibIlc Were rm thrughitigh llc s\ stein lo
klitkt-llttle It ll itt" lic patterns chosen for testing were:

I c'r 0. ,ill /cro s.

I 1' i I. all otfit .

I st 2 collnt and Inverse,

CSt1 3. alternaling Os and I I checkteinhoard ):

lest 4, gallopttg Is (ones)

lest 5. galloping 0s,

lest (A. pse tit -rai ndom numher and inverse- and

lest 7. ltall-/cio/halt" one, and inverse.

JI.SIS AND I

lc all ones and all zeroes tests are simple starting point,. No particular prohleins
nor insights were expected or obtained.

T-STS 2 AN!D 3

The count pattern runs from 0 to 255 in the lower eight bits and from 255 to 0 in
the tipper hall word. This pattern exercises each hit to varying degrees from alternating
ones and teroes to a string of zeroes and a string of ones.

TISTS 4 AND 5

The ,alternating ones and zeroes present a kind of worst case where every bit is dif-
terent from its neighbor. The galloping-one and galloping-zero pattern has a single hit in a
sea of its complement. This test is expected to show up weaknesses in sense anplifier,. and
in leakage problems.

TIrST 6

The psLudo-randon test uses a maximal length (no repeats) 16-bit number to deter-
mine se'isitivity to a random pattern.

TEST 7

['his test stores 128 ones and then 128 zeroes into the 256-bit ('CD register. This
test was suggested by Dennis Amonson of UNIVAC after ie found some sensitivity to that
pattern. (This test is the same as the pattern seen by bit 7 of a 256-word count.)
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11li l- Si P'RO(. %l

I hic Icst progln i.1ii 111tc itohmu IngIeiics:

I lie stal tiil dalc ,iild iic c.di tlb 'SIiil soI Iigj1Cii(RIs~1 c ii M tc[i Will) ind~COMiIlC

Iillomiatiotn aii het storecd andt~i I. ~ (111 the ropjiest oI i iO Jt11 ing

(ests heing run.

Iit.il lin inhCr ot passes.

lttil nmbier oi errors ( bad bits).

II11 h 11ihCt of Uncorrected ouc-hit errors in a word.

tic niumbehcr of errors which occurred inl a greater blin two -h it s-pcr-\%ord

Itie I urt n he r oifblocks in w uhii at least o)ic hit Was corrected.

the numiber of' blocks in which two-hit errors were detected.

tice numbeIr of l imes anl illegal add ress was read,

tic numbecr ot' errors per test for each of' thle eightI tests.

the number ot crrors inl each hit of t hc 22 bits, and

ltei nuimber of crrors in each of the 04 blocks:

File first 1 28 words with errors arc stored along withI thc block niumnber and RAM
bUtfcer address:

Thc statistics c:an he printed out on thle cathode-ray tube at any time thle "S" kcy is

depressed: and

[he tcst will continue when thle "C"' key is dcpressed.

TEST RESULTS

T he results of the testing canl be summarized as follows. D~uring 1207 hoi- of c:on-
tinUous rinning, from 13 May through 8 July 1970. only tenl errors were detected and
corrected by thle module. At thle reading rate used (about 6.8 X 108 bits per hour). this
indicates an error rate for the C('Ds of 1.2 X 10-1 error per bit read. The system error rate
is, even better: all of' these crrors were single-bit errors and werc corrected before the data
were rcad into thle RAM hulfer.

It was particularly gratifying. when the tests were first started. (o find a "'weak"
device. Tihis was possible since thle tests kept indicating that a particular bit was bad inl a
particular block. Replacement of' thle chip eliminated thle error.

It should be note ct~that all of' thle tests were conducted at approx imnately 250 C
rom temnperaturrc). Problems in othter hard ware precluded testiing at hiighe r temnperatu res.

Stich tes ting should he done.
No pattern sensitivity was observed. The sensitivity observed by UNIVAC personnel

was onl ead y devices. 'Fihe problem was known by In tel and was probably eliminated [Iv
mod ificat io n of their cliip-f abricat ion process.

32



Wilte the ('('I) module appears, to work verN well, there have been some 11itermitent
noise problems %%it thIle coot roller. I IIIprOvemnentICs ill Cardl layott and iii bus signals should
eliminate thieseL problems.

-,L(TlON 6. SUMMARY AND RIECOMMIENDATIONS

A ml ~d Uhar (11 ) menCII0V ovS(ubSxstein usef ul f or Navy C3- a pplicationis, with an itehli-
germt f ront coid has been dtesignied aid) tested. Basic software has been developed and a momi-
tom 11 has 1 been -wrtell to Sil )ity programmning. lThe CUD) module has heen designed and a
part Ia 11l\ p puha ted mlodule has been tested. Initial tests showed an error rat fo r hle ((I)s
of about I X 10 W 1 per bit. Thre module itself corrected all ot the errors. Thle system is
readx I or use as a disk or drum replacement. Engineering will be required to expand the bus
s\ stemf and to con figure thie hardware to a particular cahi net Further testing is reqired to
determine thle e I heels oh' tem peratuLre onl the system. UN IVA(' has done sonic tem perat Lire
c\ cling and has f ound adequate performance over the range speci fied For t li! lIntel device.

Fhe qutestion (1voaityrsewth a (C) system. ITwo answers are available:
d tim lp hie ita aOn to tape under battery power and use a battery back up for the (CI~s. 'Fhe
first solutIiotn answer Is, somewhat less desirable since it tmeans adding another mechanical
de% ice to thle system. Tihe second solution answer is feasible but seems to be poorly accept-
ed h\ sy stems% designers. It may require several years for batteries to hecomle acceptable.

A concept wh ich imay in iiz e t he nmb er of' batteries takes advatitage of' the falct
that, when the maitn power is lost in a system, heat generation from electrotnics operation
stops. Thus, when this happens thle temperature will drop to approximately ambient ( 250 to
30' C). Sin,'e tile (Cl) specifications require a .50-kHz clock to maintain data at 70' C. the
clock required at 30' C may be as low as 12 kI-I. or one quarter of the normal operating clock
rate. For this reason, thle 1.nmber of' batteries could be reduced and temiperatre-sensing
circujitrN could be incorporated to ensure the correct clock rate.

Rough calculations indicate that, using the slow clock, the data in thle tmodutle I 5.0 X
106 bits) could be maintained I-r two hours with six li-size, sealed, lead-acid cells. [hie
batteries would requLire a volume increase of only about 12 percent. Fills breaks down to
302 cubi11c inches 147 19) cn 3 ) f~or the ('CI)s. and to 30) cubic inches (469) cm-13 ) for thle batter-
Ies. Invest iga tio n Should be con tied along these lines.
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.%PI' IX A: IS(RIPT ION 01' NII1(' INSTRJ( TION
FORIAiANI) DI !'INIIONS

lilt \UioKh, "1 '___ 4 23 lo) I _____________

Rc vis t vr r H it umb: er H

R cgvI cr/

)pcr'aiid .\ddrco, or a Literal -

The inst ruction innon ic will be a t'our-letter symbo fo1 r t he instruction. J1 litirst
t"w1 letter', LuSkull\ de'SinatC thle class of instruLCtiOn. such as, LI) for load. AN for AND). and
so 1orth. Tlie third letter sigiis 'flat an N register is uised in) the instruction). I he f'ourth
letter desinates the ty pe of addressing uIsed to ohbtain t 1e operand, as listed below. lie rc
are, exceptions.

Symbol D~escription

Q The Q or extended working register

/ A register -0 F

L Literal Y

N Normal - (Y)

J Indirect ((Y))
m Indexed Literal Y + (Z)

I Indexed Normal - (Y + (Z))

K Iindexed Indirect ((Y + f/Z) )

RI:(GIST[IR D)ISI(;NATrION

NO HEX IABUL D.SCRIPTION

10 WR Workmng kvg,1r
2 WR Working Registcr

3 2WR Working Register
4 3 WR Working Regislt
5 4 WR Working Register
6 5 WR Working Register
7 0 WR Working Register
8 7 WR Wo rk ing Register
9 8 WR Working Register

10 9 WR Working Register
I I A WR Working Register
)2 H3 WR Working Register
13 C FR rest Register
14 1) S11 Stack Pointer
I 0 OR Operand Register
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R I (;ISl I R D)1 SI(\ RIN 1O R( tWim Iiitcd

II1 1 AHI F ~ IS( RlItI IRA

17 AC( Iil iU IkIi( ~Iitc

Is SR StdIlwN Reiit

RAI 1' RI (-IISIl R SI 11 lCIIO)N

No) (0)1M)RC! I[S*I SOU)R( I D) SI_

0 000 x A Z B
1001 IM A B
2010 X A x B
3Oil M A x H

4 100 x A M B
101 M A M H
110 X A B

7III M A B

STATUS REGIST[R DITINJ1 ION

H IT DF.SCRIPTION C'ODE If FX

0 Overtlow 0000 0
IAccumulator Full 0001

2 Accumulator Zero 00102
3 Spare 00113
4 Sign Lower 0100 4
5 Sign U~pper 0101

6Carry Lower 0110 6
7 Carry, Upper 0111 7
8 Undefined 1000

9 Unfllined 1001
10 Unrdtfined 1010 A
I I I Indel'ined loll [I
12 U ndefined 1100C
13 Unidefinied 1101 1I)
14 Undefined 1110 v'
1 5 1 Idefined till11

The symbols are d~eIined as tollows:

SYM BOL DI)1I IN I IO( N

Q J hie Q) I vgistv r.

X I[le register designIAed in t lic X field 0it-)W 231

/I lie regisfe i d esign ated ii n h I lie l (hIdibits 10- 19)

y I-lie niuiiihe r ontIained i n thle lower I16 hi ts (0-I 15.
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S)~ %1140I D1 I INI IlION

(*)I I he MIIC 011inTC~ be it IIIed t he Q) r L'I\t I.

IIklInI he Ibe CnnAIIIid III the X e.Itr

I Ilk theutilme kolitlil'd In Ithe / i.glIte.

II lie nutmnber cmitI11CIe at uemnrN hlocatin Y~

N~ + Ih Il lmber oblif1Leil h\ adilii YI to (

PC 11 Ihe Program ( uter registecr.

HP( r1[he numbr coItJined Ill PC.

SR Ihe Stattus Registecr.

SR) I num h11er contained inl SR.

B Thec number inl the B field (hits 20-23).

5)P The Stack Pointer Register.

(SP) The ii urn 1her contained inI SP.
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\PI I)IlX It. 1%II( PRIL IIIIN \RY INSIRL ( 1ION SI I

\1\1k \IX 1 ()I,(()I _SRI .1 1 V II( )\

I(4 \I I I)\() 2 t

I I)\l 0
lI)\N 21 (Y) - Y

I I)NM 22 ' +/) - X

kl(RINlOR 18 (X) V.

SI k\) 30 X _

Sl \ 31 0 Y
I\M 32 X) -- Y+ )

IRlll ()(;1 AN\Z AO * V + A() - X

l)XtI 4( * Y - x
4R85 * (X\) -Z)I - X

(IRI 8 (} Y +(X

-\RIIIIMI 1(" :\I)X/ AO * )X+{Z)- X
AI)XI_ Al * IXI+ Y- X
AI)XN A2 * {X-+ Y)-- X
SB3X/ AX (XI-II-X
SHXi+ At) * IXI-- X

SBXN AA * (X)- Y)- X
IN(X o * (X)+ I -'X
I)F(X (8 * (X) - I -+ X

S1III". SRCX 60 * (X) is right shifted Y tu112 (1lrL'tUlur)
SRLX 6 l * (X) is right shliftcd Y tim.',,I iw ro filled
SI(X 64 * IX) is le t shifted Y filies (circular)
SI.LX 05 * (X I icl Shitcd '4Y timC, (Ico fillcd I

JUMPS JUNL 70 Y - PC
JUNN 71 (Y) PC
JUNX 72 (X) PC
JNXI. 74 * It X) -(, dt NI. iXi N U PC
,JI.XI 71 * It I\ 1.). do NTIXI U Y + I/I P(,

dct.crclIcIlt I\
.IBSI. 78 It hat B ;,I SR I. N P4 '. It UO. do NI
.IBSN 79 It hil B All SR - .I. -. P( It' = 0. do NI
JIBIL 7(' It hal B oA 1, 1 N P('. It = 0. do NI
Jl/N 71) It hit BI t / 1. ' PC It-= 0. do NI

(C)MI)ARI S ('XZ (0 IX)-I/) "

(I'XI. {l * IX - Y -()
(PXN (2 * (X) -IN I(.)
MSXz (84 * It IX (/). )X. Skip NI. ItIX) / i/i,

licr't.',ac IX do NI
MSXI. ( * IX) N ,O U X. Sk i NI. It V t Y. uncr,-

mcntlX do NI
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(I AS '~ \INIl Ol3(luo): l ~I :N('l

(IMP,,\ I-!'S \ISXN (A * 1f(X) =Y),- XSkip NI. I(X)/4Y),
incle enlt (X), ((o NI

IN 'lFIlRt 1I"I'S IN INV BO lntcrrupt entry: (PC) - I - (SI'), Y IP(', SP)
- 1 -> SI"

III lilerrtil)I exit' ((SI + t 1) -+ I', (SI ) 1 I - I
I I'AN Il Inltcrrtlj~t exit aid enable intllrrupt

ALl. t>P3 Call subrOutinC, PC -- (SP). (SP) - I -* SP, Y
PC

RITN B4 ctOu; .. rem sutbroutine, ((SP) + I )-PC,
(SI' + ! - SI

I,'I'NR 115 Relurn froum sulrouline and elnahle intcrrupts
I)INT I1) Disable all intcrrll)tS
I 1NI 1 I. Fimble all interrupts

STACKING PSIIX B8 (X) (SP), (SP) - I SP
POI'X BC ((SP) + 1 ) -* X, (SP) + 1 -- SP
PSIIS 6 (SR)- (SP), (SP) - I - SP
I'()S 117 * ((SP) + I) "I SR, (SPI) + I -- SI'

I J() OTXY 10 Ou tput (X) to Channel Y
INXY I I Input to X from Channel Y
ISXY 17 Inp.it (slow) to X from Channel Y

MISC FA 0 00 Fault
INRX 01 Manu1lal inspection of (X) on l panel
I('N I, 02 Malnual inspection of (Y) on panel
I)SPX 03 * (X) is displayed on the panel for Y/8 seconds.

Z is used for counting.
BSTS 04 Cycles bus control lines. Used for debug only.
I)FLY 05 * )elays next instruction for Y microseconds.

N( lI 'I[lie means that a number is moved to a location. For instance:

0) - X ica ns the number in registerQ i, loaded into register X.
Y + X means the number Y plus tle ntuber in register Z is loaded in to

register X.

Y - (W)) -- X linllei that the number contained at memory location Y + (Z) is
loaded into register X.

S11) + I ) -- X nealls that the ntmimber contained a' the inmemoiy location (SP) + I
is 1( aded into the register X.

(X) - SI' mcalis that tie nunimber in register X is storcd at the memory location
dcsig;ated by the niumber in SI.

'Flic ilcans that the Status Register is loaded.

NH.( PlCIIOTOGR AIIIIS

tiltiti,.n ill ihi i'pwt Inhl'udt" the followir-g Nt I. puotograph%.

!luitratimi N) NtL(' Ihtntnogruph No

SI,SF 1163.7-76
9 1ISF 1165-7-76

1I0 ILSF 1164-7-76
I I I SI 116 77176
12 ISI- 1166, 74f,

.... .. .... ORM .. .. T. .. : --...


